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Abstract: Seed coating is receiving increased relevance in sustainable agriculture, to reduce the usage of pesticides and protect the natural
environment. In this study, a new formulation based on the combination of two active constituents (zinc pyrithione and triclosan) and an
inactive component (carboxymethyl cellulose polymer) was optimized for seed coating to control seed-borne pathogens. According to
the in vitro antimicrobial tests, the combination of zinc pyrithione and triclosan showed a broader spectrum of phytopathogenic bacteria
and fungi control. Coated seeds from different plant species with 2% of zinc pyrithione, 0.05% of triclosan and, 0.5% of carboxymethyl
cellulose did not show any microorganisms development on culture media, contrarily to the noncoated ones. Germination quality and
seedling growth of treated groups were enhanced in the presence of natural seed-borne pathogens and not affected in pathogen-free
seeds compared to the nontreated groups. Thus, this novel seed coating formulation is a promising antimicrobial agent that could be
used in the prevention of seed-borne diseases without any side effect on the seedling establishment.
Key words: Zinc pyrithione, triclosan, carboxymethyl cellulose, germination quality, seedling growth

1. Introduction
Seeds are considered the most important input for crop
productivity determination since 90% of the food crops
are produced from seeds (Schwinn, 1994). Thus, starting
crop production with pathogen-free seeds becomes critical
to ensure good germination, healthy seedlings, and plant
growth. Seed-borne pathogens, can significantly affect seed
quality and cause various diseases that may lead to serious
crop yield losses. The sanitary quality of seeds is considered
a local and global concern for agricultural production
since seeds can be vehicles for disease dissemination
during food trades (Schaad et al., 2014). The most
common organisms usually associated with plant diseases
are species of Pythium, Fusarium, Ustilago, Aspergillus,
Rhizoctonia as fungi and Xanthomonas, Pseudomonas, and
Clavibacter as bacteria (Agrios, 2005; Floyd, 2005). These
phytopathogenic agents can be located either on the seed
surface or within the seed, and in suitable environmental
conditions can be responsible for many serious plant
diseases like seed rot or seedling damping-off. In some
cases, the disease manifests during germination and affects
seedling establishment; in others, disease symptoms are
observed in a later stage of growth. Furthermore, some
seed-postharvest diseases occur during the storage period
and cause the reduction of seed viability and food grains

contamination by various mycotoxins (Vannacci et al.,
2014). Although the exact figures for world economic
losses resulting from mycotoxin contaminations may never
be available, a remarkable amount of grains all around the
world go to waste due to contaminations (Janardhana
et al., 1999; Thirumala-Devi et al., 2001). Among seedborne pathogen management techniques, seed treatment
is of particular importance owing to the reduced quantity
of used active ingredients. Seed treatment invokes seeds’
exposure to physical, chemical, or biological agents for
seed disinfection and provides the possibility of disease
and/or pest control during the germination and early
growth of the plant (Forsberg et al., 2003). Unlike the
chemical soil/foliar application, chemical seed treatment
is considered cost-competitive, more environmentfriendly (Sharma et al., 2015), given the lower exposure
of the land surface to the active ingredients. With the
introduction of new modern fungicides and insecticides
in the 1990s, chemical seed treatment technologies
gained tremendous opportunities for their evolution. As
a result, seed treatment is currently the most prospering
field among all agricultural chemicals applications and
has significant economic figures on markets, particularly
in the U.S. and Europe (Markets and Markets, 2013).
For instance, seed treatments of maize are commonly
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used worldwide and may include a combination of four
fungicides, an insecticide, and a nematicide (Munkvold
et al., 2014). Although efficient chemical formulations
against fungal diseases do exist, available products for
phytopathogenic bacteria are still limited and antiquated
(Gitaitis and Walcot, 2007), mainly due to phytotoxicity
issues with seed immersion in antibiotics (Sharma et al.,
2015). Therefore, it has become increasingly common,
over the past couple of decades, to combine active
ingredients into one formulation to get additive value
and so that improving the performance of conventional
antimicrobial molecules. For example, triclosan (TCS) and
zinc pyrithione (ZnPT) are two chemicals that have been
used in a wide variety of food contact and nonfood contact
articles as antimicrobial agents. While TCS showed high
efficiency in bacteria control, ZnPT has a better fungistatic
property by cell division inhibition (Faergemann, 2000).
Nevertheless, incompatibility between ingredients could
be the main challenging problem in active ingredients
combination.
In this context, a new formulation based on the
combination of TCS and ZnPT as active ingredients
and carboxymethyl cellulose (CMC) as a thickener, was
developed in our laboratory for seed treatment against
fungal and bacterial seed-borne diseases. Considering that
the use of different chemical products and changes in seed
microbiota composition can impact negatively or positively
germination rate and seedling establishment (Ruiza et al.,
2011; Hardoim et al., 2015; Khalaf and Raizada, 2016), this
work was aimed to evaluate the efficacy of the formulation
in seeds disinfection and the germination quality of the
coated seeds, comparing to the noncoated ones.
2. Materials and methods
2.1. Seed collection
Seeds of different plant species were used in this study to
evaluate the efficacy of our formulation in the control of
several seed-borne pathogens. Details of the seed collection
are presented in Table 1. The majority of the used seeds in

this study were reported to have several problems related
to their germination by the producers.
2.2. Bacterial and fungal strains
Phytopathogenic and nonphytopathogenic strains used in
this study for antimicrobial assays screening in vitro, their
culture media, and growth conditions are detailed in Table
2. Saprophytic fungi were included in this study because
they can have a suppressive effect on seed germinations
when they are present in a high density, especially by
decomposition activity (Crist and Friese, 1993). Besides
reference strains used in this study (ATCC), remaining
strains belong to our lab collection that were previously
identified using 16S gene and ITS region sequencing for
bacteria and fungi, respectively.
2.3. In vitro antimicrobial assays
The antimicrobial activity of ZnPT, TCS, and the coating
solution was evaluated using the standard NCCLS disc
(Oxoid, UK) diffusion assay (Barry et al., 1999) with
some modifications. Briefly, 100 μL suspensions of freshly
grown bacterial (108 CFU mL–1) and fungal (104 spores
mL–1) cultures were spread on nutrient agar (NA) and
potatoes dextrose agar (PDA), respectively. Blank discs
(Oxoid, UK) impregnated with 19 μL of ZnPT (0.5%,
1% and 2% by volume), TCS (0.01%, 0.05% and 0.1% by
volume), and different combinations of various ZnPT and
TCS concentrations were placed onto agar Petri dishes
seeded with microorganisms. Ofloxacin (Oxoid, UK) (5
µg) and Nystatin (100 units) (Oxoid, UK) were used as
positive controls against bacteria and fungi. Blank disks
were impregnated with sterile distilled water (SDW)
used as negative controls. After 24–72 h of incubation at
27 ± 1 °C, diameters of inhibition zones were recorded.
Each Petri plate was containing a set of three discs as the
following: 1 positive control (antibiotic or antifungal), 1
negative control (SDW), and 1 for (ZnPT+TCS). Three
replicates were applied for each set.
2.4. Preparation of coating solution
The optimal formulation for seed-coating was prepared
through an orthogonal test, based on the antimicrobial

Table 1. Description of the seeds used in this study.
Seed species

Cultivars/varieties Origin

Hordeum vulgare

Sahin 91

Producers from the Southeastern Anatolian region of Turkey

Triticum aestivum

Yakamoz

Producers from Central Anatolian

Zea mays

Capuzi

May Tohum

Helianthus annuus

Sirena

May Tohum

Solanum lycopersicum Lakan F1

Yüksel Tohum Company

Capsicum annuum

Gazi F1

Yüksel Tohum Company

Solanum melongena

Karagul F1

Yüksel Tohum Company

Citrullus lanatus

Safak F1

Yüksel Tohum Company
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Table 2. Description of the fungal and bacterial strains and media used in this study.
Species identification

Media a

Growth conditions Origin b

Aspergillus niger ATCC16404

PDA/SDB

72 h at 27 ± 1 °C

(ATCC, USA)

Fusarium oxysporum

PDA/SDB

72 h at 27 ± 1 °C

Lab. collection

Botrytis cinerea

PDA/SDB

72 h at 27 ± 1 °C

Lab. collection

Alternaria alternata

PDA/SDB

72 h at 27 ± 1 °C

Lab. collection

Sclerotinia sclerotiorum

PDA/SDB

72 h at 27 ± 1 °C

Lab. collection

Ascochyta rabiei

PDA/SDB

72 h at 27 ± 1 °C

Lab. collection

Penicillium sp.

PDA/SDB

72 h at 27 ± 1 °C

Lab. collection

Pseudomonas syringae

NA/NB

24 h at 27 ± 1 °C

Lab. collection

Clavibacter michiganensis

NA/NB

24 h at 27 ± 1 °C

Lab. collection

Agrobacterium tumefaciens

NA/NB

42 h at 27 ± 1 °C

Lab. collection

Erwinia amylovora

NA/NB

24 h at 27 ± 1 °C

Lab. collection

Acidovorax citrulli

NA/NB

24 h at 27 ± 1 °C

Lab. collection

Pseudomonas aeruginosa ATCC15442 NA/NB

24 h at 27 ± 1 °C

(ATCC, USA)

Xanthomonas axonopodis

NA/NB

24 h at 27 ± 1 °C

Lab. collection

Xanthomonas campestris

NA/NB

24 h at 27 ± 1 °C

Lab. collection

Curtobacterium flaccumfaciens

NA/NB

24 h at 27 ± 1 °C

Lab. collection

Enterobacter cloacae

NA/NB

24 h at 27 ± 1 °C

Lab. collection

Bacillus subtilis ATCC5633

NA/NB

24 h at 27 ± 1 °C

(ATCC, USA)

Bacillus cereus

NA/NB

24 h at 27 ± 1 °C

Lab. collection

Burkholderia cepacia

NA/NB

24 h at 27 ± 1 °C

Lab. collection

Potato dextrose agar (PDA), Sabouraud dextrose broth (SDB), nutrient agar (NA), and
nutrient broth (NB) used for the culture of bacterial and fungal strains that were purchased
from Merck (Darmstadt, Germany).
b
Lab. collection: the microorganisms are from our microbiology laboratory’s collection
(Yeditepe University, Department of Bioengineering Microbiology Laboratory). They were
isolated and identified in our laboratory.
a

activity and the phytotoxicity preliminary tests. ZnPT
and TCS toxic doses were determined based on seed
germination and root elongation of barely and sunflower
seeds. Briefly, seeds were disinfected with 2.5% sodium
hypochlorite for 15 min and carefully washed with
distilled water before being treated with ZnPT or TCS
and sterile distilled water (SDW) as negative control.
Sodium hypochloride seed treatment was only used for
phytotoxicity prelimiary tests. Four replicates of ten seeds
were transferred to Petri dishes within sterile filter paper,
and incubated at 25 (± 1) °C for one week. According to
seed germination quality and preliminary antimicrobial
assay (against only Fusarium oxysporum Botrytis cinerea,
Pseudomonas syringae, and Agrobacterium tumefaciens)
the suitable concentrations of ZnPT and TCS (w/v) were
2% and 0.05%, respectively. The water and CMC ratios
were selected based on previous studies (Struminska et
al., 2014; Raeisi et al., 2015). The final coating solution
was maintained at ZnPT 2% (w/v) and TCS 0.05% (w/v)
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with the addition of CMC 0.5% (w/v) (Sigma-Aldrich,
UK). The aqueous solution of CMC was firstly prepared in
SDW at 50 °C under agitation until obtaining a completely
homogenous viscous solution. Then, ZnPT and TCS were
added consecutively and stirred for at least 30 min. The
final obtained coating solution was colorless, transparent,
without any specific odor and with a pH and a viscosity
values of 7–8 and 800–900 mP, respectively.
2.5. Seed coating and germination assays
The efficacy of seed coating in controlling seed-borne
diseases was carried out on nontreated naturally infected
seeds. The cultivable microbiota, including putative
pathogens, associated to these seeds were identified after
seed incubation on growth agar media in vessels and in
broth media as described below in the 2.6 section. No
artificial inoculation was attempted, in this study.
Twenty seeds of each plant species were soaked into
a 50 mL falcon containing 4 mL of the prepared coating
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solution and shaken at 15 rpm for 15–20 min at room
temperature. When seeds are of a big size like maize,
only 10 seeds were applied by falcon. Seeds were dried
on sterile filter paper (Whatman ®) from 25 °C to 30 °C
for 24 h. One hundred seeds were treated for each plant
species, with 5 repetitions. Seeds without any treatment
were used as a negative control. Two experimental sets
for seed germination were conducted; in the first one,
seeds were germinated within filter papers whereas, in the
second one, seeds were placed in Nutrient Agar (NA) and
(Potatoes Dextrose Agar) PDA MagentaTM GA7 vessels
(Sigma Aldrich) and kept in a climate room at optimal
temperatures of 20–25 (±1) °C (dark/light) according
to each plant species (ISTA, 2011). NA and PDA vessels
were used to assess microorganisms’ growth only (see later
assessment of cultivable coated-seed microbiota), although
differences in germination rates and seedlings vigor were
observed between coated and noncoated seeds in vessel
cultures, no quantitative data were recorded for this study.
Germination quality of coated seeds and noncoated seeds
were checked and photographed every three days, for
14 days. The number of germinated seeds was recorded
every day. The seedling length was measured at the end
of the germination period. Photographs of seedlings using
digital photography (image resolution of 600 dpi) were
treated with ImageJ software (1.52s version) for length
measurement analysis. (Ward et al., 2008; Moon et al.,
2019). One cm of the ruler scale was set to pixel scale using
straight line. Free hand tool was selected to measure the
length. Root length was measured from the tip of the root
to the hypocotyl region. Based on the scale, the program
automatically converts pixels to root length (cm).
Seed vigor, which determines the field emergence
ability of seeds, was determined using seed vigor index
I (Abdul-Baki and Anderson, 1973). The vigor was
calculated by multiplying the sum of shoot length, and root
length (seedling length) expressed in cm with germination
percentage and rounded off to the nearest whole number.
Moreover, endophytic microbiota and microorganisms
growing around the seeds were subjected to microbial
isolation and identification.
2.6. Assessment of the cultivable coated-seed microbiota
The epiphytic microbiota associated with noncoated
and coated seeds were assessed by the isolation and
purification of microorganisms growing around the
seeds during their germination on NA and PDA media in
vessels, as described previously. Whereas, the endophytic
microbiota of noncoated and coated seeds were recovered
from ten randomly selected seeds of one hundred-seeds
lot for each plant species. Seeds were surface disinfected
and aseptically crushed before being incubated at 25 ± 1 °C
for 15 min in 50 mL of broth media under agitation (100
rpm). Nutrient Broth (NB) and Sabouraud Dextrose Agar
(SDB) media were used for bacterial and fungal separated

analyses, respectively. Four replicates were applied for each
set. One hundred milliliters of broth media were streaked
out on the corresponding agar media and incubated at the
appropriate conditions, as described above. Twenty-five
colonies from each Petri dish were randomly selected and
purified. Recovered epiphytic and endophytic bacteria
associated with both noncoated and coated seeds were
subjected to identification by gas-chromatographic fatty
acid methyl esters analysis (GC-FAME) using an Agilent
gas chromatograph 66890N (Agilent Technologies,
Palo Alto, CA, USA) according to the manufacturer’s
instructions. Recovered fungal isolates were identified by
Bruker Microflex MALDI-TOF MS spectrometer equipped
with a UV laser at a wavelength of 337 nm, a flex Control
and MBT Copass software (Bruker Daltonics, Bremen,
Germany), according to the manufacturer’s instructions.
2.7. Greenhouse assays
Fifty seeds per lot (coated and noncoated seeds) were
sowed in trays containing commercial peat and sand
at 1:1 (w/w), and grown in the greenhouse at 28 °C and
16 h of photoperiod. Sowing depth was approximately
two cm, and irrigation was carried out daily. The trial
was conducted in a completely randomized block design
with four replicates. The immersed seedlings were daily
counted. Twenty-one days after the sowing, seedlings were
removed, photographed, and weighed after being dried
at 70 °C until a constant weight is reached. The speed of
emergence index (SEI) was calculated for each repetition,
according to Maguire (1962), using the following equation:
SEI = (G1/N1) + (G2/N2) + ... + (Gn/Nn)
where G is the number of normal seedlings that
emerged each day, and N is the number of days after
sowing in which the counting was performed.
2.8. Data analysis
Each experiment was performed in triplicate at least. Data
were subjected to analysis of variance (One-way ANOVA)
using SPSS software (version 20). The significance of mean
differences was determined using Tukey’s post-hoc test,
and responses were judged significant at the 5% level (p
= 0.05).
3. Results
3.1. In vitro antimicrobial activity
The antimicrobial activity of the formulation (with ZnPT
(2%) and TCS (0.05%) after the addition of CMC at 0.5%
(w/v) by the disc diffusion method was evaluated on agar
media (Figure 1).
Inhibition zone diameters obtained from disc diffusion
assays indicate that the formulation has a broad-spectrum
antimicrobial activity against all the phytopathogenic
fungal and bacterial strains used in this study. The
antimicrobial activity of the formulation was better against
fungal species than bacterial ones. The largest inhibition
zones were recorded against Alternaria alternata and
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Clavibacter michiganensis among fungal and bacterial
species, respectively (Figure 2).
3.2. The coating solution efficacy in seeds disinfection
Coated seeds, in contrast to nontreated ones, did not
show any microbial growth on NA and PDA media
during germination (Figure 3). The bacterial and fungal
species recovered from nontreated seeds of maize, wheat,
tomatoes, pepper, barley, and water-melon are listed in
Table 3.
3.3. Seed quality
Seed quality was first estimated in vitro regarding
seed germination, seedling length, vigor index, and

development of contaminant microorganisms, in Petri
dishes as presented in Table 4.
Differences between noncoated and coated seeds (p
= 0.05) were not always observed. Variation in the effect
of the coating formulation seems to be related, especially
to the development of contaminant microorganisms
in the control group (noncoated seeds). Coated seeds
exhibited significantly better germination parameters
than noncoated seeds, which showed developments of
microbial contaminations. Nevertheless, seed coating
has not always had the same significant effect on all
germination parameters. For example, although noncoated

Figure 1. Diameters of inhibition zones obtained by the coating formulation against different
microorganisms according to the disc method. Lowercase letters denote homogenous groups
according to the post-hoc test (p = 0.05).

Figure 2. Antimicrobial activity in vitro of the seed coating formulation according to the disc method, against several fungal species (aAlternaria alternata, b- Aspergillus niger, c- Fusarium oxysporum, d- Ascochyta rabiei, e- Penicillium sp., f- Sclerotinia sclerotiorum) and
bacterial species (g- Erwinia amylovora, h- Xanthomonas campestris, i- Agrobacterium tumefaciens, j- Curtobacterium flaccumfaciens,
k- Clavibacter michiganensis, l- Xanthomonas axonopodis).
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Figure 3. Development of contamination during germination assays of coated (left) and noncoated (right) seeds in Petri dishes
on filter paper (a: wheat, b: tomato, c: maize) and on nutrient agar (d: wheat, e: tomato, and f: watermelon) after 7 days of
incubation.

seeds of tomato showed high contamination with potential
phytopathogenic species (Table 4), the seed coating
harmed the germination rate, whereas there was no
difference between non-coated and coated seeds in terms
of seedling length and so that vigor index. For this reason,
the evaluation of seed coating efficiency was extended to
greenhouse assays for tomato, maize, and wheat.
Data presented in Figure 4 reveal no significant
differences between germination rates of noncoated
and coated seeds’ groups (p = 0.05), under greenhouse
conditions, for the three plant species. The dry-weight
of seedlings from the two groups was not significant for
wheat and maize (p = 0.05). Nevertheless, seed coating was
efficient for the enhancement of tomato seedlings’ growth,
since the dry-weight and SEI of seedlings issued from
coated seeds were significantly better than noncoated ones
(p = 0.05).
4. Discussion
Seed treatments are playing a pivotal role in sustainable
crop production by providing protection from pre and
postemergent diseases and insects. Today’s new seed
treatment products have to come up with high safety and
efficacy standards (Gerhardson, 2002). The new active
substances and formulations have to guarantee longlasting, broad-spectrum, and systemic control of diseases
and insects. To this intention, the current trend in seed
treatment is to combine several active ingredients and

special wetting agents and colorants that are safe for the
seed, the environment, and the user (Knowles, 2008).
As a result, innovations in seed treatment are becoming
too challenging for fulfilling compatibility, efficacy, and
safety conditions. Many criteria usually determine the
choice of formulation’s ingredients for seed treatment, e.g.,
compatibility of ingredients, storage stability, application
feasibility, distribution and retention on seed, product
and operator safety aspects, competitive products in the
market, etc. (Dyer et al., 2013). Flowy suspensions and
emulsions with a polymer film coating are more preferred
in terms of dust hazards reduction, formulation stability,
and seed adhesion improvement. In the past, the majority
of seed treatments were powders, since they are easier to
be mixed with the seed, or to be slurred and then sprayed
onto the seed before sowing (El-Mohamedy and Abd ElBaky, 2008).
In this regard, the development of a new seed-coating
formulation was attempted for the control of seed-borne
diseases, based on the combination of TCS and ZnPT, as
active ingredients, and CMC as a thickener polymer. It
is well documented in several studies that the addition
of CMC to fungicide or fertilizers provides a better
coating and thus enhances the efficacy of the formulation
(Struminska et al., 2014; Camargo et al., 2017; Ren et al.,
2019). In contrast to some biopolymers such as chitosan
(Rahman et al., 2015), CMC does not have any intrinsic
antimicrobial properties (Raeisi et al., 2015).
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0.745

Staphylococcus hominis

0.330

Pseudomonas putida

0.684

Seeds

Bacillus thuringiensis kurstaki 0.540
Wheat
(T. aestivum)

Alternaria alternata

1.98

Paenibacillus polymyxa

0.482

Cladosporium sp.

1.74

Clavibacter michiganensis
michiganensis

Maize (Z. mays)

0.678

Curtobacterium flaccumfaciens 0.518
Tomato
(S.lycopersicum) Xanthomonas campestris pv.
0.551
campestris

Pepper (C.
annuum)

Pseudomonas syringae

0.515

Fusarium oxysporum

2.12

Xanthomonas campestris pv.
campestris

0.517

Bacillus thuringiensis
israelensis

0.496

Staphylococcus kloosii

0.547

Watermelon (C. Bacillus subtilis
lanatus)
Fusarium oxysporum

0.511

Barely (H.
vulgare)

60.5+ 13.16+ 797+
11.31

628

Yes

Wheat (T.
aestivum)

CS

9.24

675

No

7.57

477

Yes

Tomato (S.
lycopersicum)

CS

7.69

600

No

NCS 87.5

7.25

635

Yes

Barley (H.
vulgare)

CS

95

9.48

901

No

NCS 97

9.91

962

No

10.45

998

No

73

+

+

NCS 63
78

–

95.5
Watermelon (C. CS
lanatus)
NCS 99.5

a

No

NCS 55.5

–

2.20

Similarity index obtained by GC-FAME and MALDI-TOF MS
analysis for bacterial and fungal isolates, respectively.

CS

Development
of contaminant
microorganisms

Bacillus cereus

Vigor index

Sim. indexa

Seedling length (cm)

Maize (Z.mays)

Identified species

Germination rate (%)

Seeds

Table 4. Germination quality of coated and noncoated seeds
in Petri dishes after 14 days.

Treatmenta

Table 3. Bacterial and fungal species isolated from nontreated
seeds.

+

–

+

9

895.5 Yes

92

9.97-

918-

Sunflower (H.
annuus)

CS

NCS 99

10.14

1004 No

Eggplant (S.
melongena)

CS

8.63

855+

No

NCS 71

8.72

620

Yes

Pepper (C.
annuum)

CS

7.41+

593+

No

6.51

508

Yes

99+
80

NCS 78

No

Coated Seeds (CS) and noncoated Seeds (NCS).
The CS group was statistically superior to the NCS at (p =
0.05).
–
The CS group was statistically inferior to the NCS at (p =
0.05).
a

+

From another side, TCS and ZnPT are already used
in some products for bacteria and fungi control. While
TCS was first registered as a pesticide in 1969 before
being widely used in household products (List, 2008),
the common use for ZnPT is nonpesticidal. It is already
one of the most used biocides in western countries with
a constant production growth over recent years (Thomas,
1999; Boxall et al., 2000; Kobayashi and Okamura, 2002;
Okamura et al., 2002; Doose et al., 2004), added to preserve
a wide variety of food/drinking water contact, and nonfood
contact articles (Faergemann, 2000). Taking into account
that the addition of the antifungal ZnPT was reported to
improve antimicrobial properties of silver sulfadiazine
ointments (Blanchard et al., 2016) and boosts the action
of copper in antifouling paints (Lamore and Wondrak,
2011), we proposed that the combination of ZnPT and
TCS, at low concentrations (below the restriction of
international health safety authorities), may enhance the
broad-spectrum control.
Preliminary assays of antimicrobial activities and
phytotoxicity of ZnPT and TCS at different concentrations

286

and their different combinations were checked previously
in vitro against a panel of bacterial and fungal species.
Doses higher than 2.53% and 0.1% of ZnPT and TCS,
respectively showed germination and root elongation
inhibition on barely and sunflower seeds (data not shown).
Whereas ZnPT and TCS still could show antimicrobial
activity at 2% and 0.05% concentrations, respectively.
Therefore, the combination of ZnPT and TCS at 2% (w/v)
and 0.05% (w/v), respectively, were considered as the
most efficient concentrations and thus were used in the
development of the coating solution.
The combination of TCS and ZnPT (at 0.05% and 2%,
respectively) resulted in a complementary antimicrobial
effect, with a broader spectrum of action, including
both fungal and bacterial phytopathogens. Although
mechanisms of the complementary effect are not known,
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Figure 4. Comparison of germination quality between noncoated (NCS) and coated seeds (CS) of tomato, wheat,
and maize after 21 days under greenhouse conditions: □ Germination rate, ■ Dry-weight, numbers above histograms
denote the speed of emergence index (SEI), numbers followed by (*) are statistically different.
most likely, it is due to the compounds’ different modes
of action. While triclosan was reported to act by the
inhibition of enoyl-acyl carrier protein (ACP) reductase
in bacteria such as Staphylococcus aureus and Escherichia
coli (McMurry et al., 1998), ZnPT is known to inhibit
fungal growth through increased cellular levels of copper,
damaging iron-sulfur clusters of proteins essential for
fungal metabolism (Reeder et al., 2011). Furthermore,
our study showed that the antimicrobial efficacy of TCS
and ZnPT’s combination was also proved in seed-coating
formulation for seeds disinfection, given that the coated
seeds did not show any development of microorganisms
after incubation on bacterial and fungal nutritive media,
unlike noncoated seeds. The GC-FAME and MALDI-TOF
MS methods used in the identification of cultivable seedassociated microbiomes showed high microbial diversities
in maize and tomato seeds. The GC-FAME method was
sensitive in bacterial identification at species level, except
for Staphylococcus hominis, Paenibacillus polymyxa, and
Bacillus thuringiensis israelensis (similarity indexes <

0.5%). Santos et al. (2018) reported some difficulties in
the identification of Bacillus species which are genetically
very similar, by GC-FAME. The identification of fungi
at species level was successful with MALDI-TOF MS
(similarity indexes > 1.70), as reported by many previous
studies (Chalupová et al., 2014). The efficacy of our
coating formulation in seed disinfection is considered
very promising since, in contrast to seed-borne fungal
pathogens, bacterial plant diseases are still a big challenge
for researchers and producers. The selection of resistant
pathogen populations and phytotoxicity are the main
drawbacks of the antibacterial pesticides (McManus et al.,
2002; Lalancette and McFarland, 2007).
To our knowledge, there were no previous uses of
TCS and/or ZnPT combination at low concentrations for
agricultural purposes. Considering the growth parameters
and control efficacy, preliminary assays showed that the
use of 0.05% TCS and 2% ZnPT as active ingredients
and 0.5% CMC as thickener seemed to be the safest (no
phytotoxicity) and most efficient seed coating formulation
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for seeds disinfection and so that the control of plant
diseases. TCS is sometimes used between 1% and 2%
amounts in based hand soaps (Aiello et al., 2007). ZnPT
has been introduced with concentrations of up to 7% in
antifouling paints for different types of ships (Cima and
Ballarin, 2015). Although the use of TCS and ZnPT was
recently restricted by safety regulations, ZnPT was allowed
at a maximum concentration of 1% as an antidandruff
in rinse-off hair products (Scientific Committee on
Consumer Safety, 2020), and the exposure of TCS in
rinse-off products, deodorants, and coloring products
was reported to have no significant health risk when it is
used up to 0.3% (Lee et al., 2019). These concentrations
are higher than the 0.05% and 2% used in the present
seed coating formulation for TCS and ZnPT, respectively.
Moreover, seed coating is considered to be in a better
position compared to conventional pesticide treatments
regarding the little amount of used compounds and the
reduced need to handle chemicals in farms. Therefore,
the new seed coating formulation described in this
study represents a promising alternative in sustainable
agriculture for plant diseases control.
Taking into account the fact that the treatment of
seeds with polymers and chemical products still requires
information, the evaluation of seed quality was also
attempted.
In Petri dishes, the seed-coating has a significant effect
on the amelioration of the germination rate and the vigor
index of treated seeds, comparing to the nontreated ones,
mainly when these were associated with the presence of
phytopathogens. When the control group of seeds did not
exhibit the development of microorganisms, there were
no statistically significant differences between non-coated
and coated seeds, except for barley and sunflower seeds,
where the coating seems to have a negative effect on the
vigor index but not on the germination rate. This could be
explained by the fact that the formulation used for seed
coating harmed the germination speed and, therefore, the
vigor index, later. There is a direct relationship between
germination speed and seed vigor; seeds that germinate
faster have a higher vigor index (Maguire, 1962; Nakagawa,
1999; Santorum et al., 2013). The relative phytotoxic effect
of seed coating observed in barely and sunflower could
be explained by the possibility that the seeds lots used in
this study were already pre-treated, given that there was
no development of phytopathogenic agents during seed
incubation on nutrient media.
In greenhouse assays, the seed coating did not show any
toxic effect on the germination behavior of coated seeds
compared to noncoated ones, in terms of germination
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rate and seedling dry weight. In contrast, the coating
formulation enhanced the seedling growth according to
the SEI and the dry weight of tomato plants. It is crucial
here to notice that among the seed lots used in this study,
only tomato seeds exhibited an important presence of seedborne phytopathogens (mainly F. oxysporum). Therefore,
the efficacy of the seed coating was better expressed on
tomato seeds. The fact that this efficacy was only exhibited
in terms of seedlings’ dry-weight and SEI but not in
seeds germination, although the presence of seed-borne
pathogens, could have two reasons. Either the seed coating
has no advantages in the germination quality, as previously
reported in the case of seed dressing with some fungicides
(Gilbert et al., 1997; Jones, 1999; Barnard and Booyse,
2018), or the impact of pathogens is expressed only after
the germination. Epidemiological studies in vegetable
protection have revealed that although any type of seedborne pathogens is potentially able to induce the disease
process (Tanaka and Machado, 1985), the establishment
and development of an infection within a seedling or
subsequent plant is the last decisive part of the process of
seedling growth. Consequently, germination values, for the
most part, overestimate the real field emergence (Copeland
and McDonald, 2001; Galli et al., 2005). For example, in
Fusarium diseases of maize, several studies could not find
a significant effect of fungal infection on seed germination
at any of the infection levels (Kabeere et al., 1997; Dodd
and White, 1999; Munkvold and O’Mara, 2002; Galli et al.,
2005). Moreover, Roberts (1972) observed that seeds of
cereal crops infected with Fusarium were able to germinate
in a regular test but had a less vigor compared to healthy
seeds, and so that could not emerge from the brick gravel,
unlike healthy ones. Given that the SEI of coated tomato
seeds was higher than the non-coated one, seedlings of the
coated lot exhibited more rapid emergence, and so that
become large plants in a shorter time and can compete
more effectively for environmental resources as reported
by Fleck et al. (2002) and Flores et al. (2002).
In the context of reducing biocide uses, seed coating
was attempted based on the combination of ZnPT and TCS
at low concentrations compared to commercial products,
with the addition of CMC biopolymer as a thickener.
According to the antimicrobial and seedling growth test
results with different plant species, the use of ZnPT (2%),
TCS (0.05%), and CMC (0.5%) was revealed to be safe and
efficient for seed coating to control seed-borne pathogens.
However, more detailed information is needed about the
physiological quality of seeds and the stability of coating
treatment during the storage.
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